There have been many studies on the pollution status of Banjir Kanal Barat (BKB) River; however, many of them are limited to the concentration of metals in the river water and their biodiversity of water biota, and partial analysis. The study aims to analyse the metal concentration in BKB river sediment, its toxic to water biota and the effect on the abundance and diversity of macrozoobenthos. The evaluation of pollution status is conducted with three components integrated approach. The sediments were collected from three sampling stations with three replications. While the community observation included abundance, diversity, evenness and dominance of macrozoobenthos. Toxicity testing had been carried out to observe the inhibition of the growth of Chlorella sp algae in pore water sediments and failure reburial of blood clams into the substrate/sediment. While the evaluation of pollution status was conducted in an integrated three components approach. The results showed that the concentrations of various metals in the sediment were varied. The concentration of metals in sediments were still within natural limits and identical to the reference station that was not polluted. The types of macrozoobenthos were found about nine genera with varying in abundance, diversity index, evenness index, and dominance index. The abundance, diversity index, evenness index, dominance index of macrozoobenthos at all stations were still identical with reference stations, which known was not polluted. Although pore water sediments and sediments from various stations caused inhibition of the growth of Chlorella sp and the failure reburial of blood clams, statistically analysis was not significantly different from the reference station. Overall it can be stated that the sediment quality in those three stations was still excellent, however, they need to be maintained.
Introduction
BanjirKanal Barat (BKB) River is part of the Garang River Basin. The upstream of the BKB River is located at the foothill of Mount Ungaran, Semarang Regency, Central Java, Indonesia, which includes three Districts, i.e. West Ungaran District, East Ungaran District and Bergas District (Central Bureau of Statistics, Semarang Regency, 2019). The area around BKB watershed majority is used for settlements, industrial areas and drinking water sources (Haeruddin et al., 2019) . Many studies have been conducted in order to investigate the pollution status of BKB River (Ministry of Marine and Fisheries Affair, 2015; Ujianti, 2016; Haeruddin et al., 2019) . Furthermore, it is reported that the studies are still limited to the concentration of metals in river water and the biodiversity of water biota in the river (Tungka, 2016; Haeruddin et al., 2016) , as well those are still in partial studies. Also, Harding (1992) states that the determination of the quality of the marine environment can only be determined by evaluating various responses to measurement results with integrated analysis. Chapman and Long (1983) in Long and Chapman (1985) reported that the analysis of the quality of modern sediments should involve three categories of measurement, i.e. concentration of material in sediment, the toxicity of sediment samples and changes in the structure of benthic biota communities. Palma et al., (2014) states that the study of pollution in aquatic ecosystems is not limited to analysis of the level of pollution in water, but must also be accompanied by studies of the accumulation of pollutants in sediments, in addition to analysing the ecotoxicological status.
The measurement of material concentration in sediments may not show biological damage; therefore, it is necessary to determine the extent and nature contaminations while biota community structure analysis can confuse. Moreover, this will result in the changes in community structure due to predation, competition, climate change and other various non-pollutant factors. Measurement of benthic community structure alone is not appropriate to be used for determining the effects of contaminants. The presence or absence of specific biota may occur due to the effect of toxic chemicals, changes in various environmental factors (temperature, salinity, dissolved oxygen), diversity of sediment texture and water depth or various biological factors such as the recruitment cycle, predation and competition (Long and Chapman, 1985) . Integrated analysis of sediments which has been carried out by Chapman (1988) is limited to determining whether that area polluted or not, without determining the level of pollution while the integrated analysis used by delValls et al., (1999) is limited to determining the amount of pollution based on the value of the RTR (Ratio to Reference). This study was conducted to analyse the concentration of metals in the BKB river sediments, their toxicity to benthic biota and the effects of various metals on benthic abundance and biodiversity. While the pollution status evaluation has been carried out with an integrated approach between three components, i.e. the concentration and toxicity of metals in sediments and their effects on biodiversity and abundance of benthic biota, this study is beneficial related to the management of aquatic resources (biota and environment) of the BKB river.
Sediment analysis conducted by the Marine Pollution

Materials and Methods
The research material used sediment, which was taken from three observation stations in the BKB River, which three replications at each site. Station I (110.396985; -6.955531) is located in the river under the north arterial bridge, YosSoedarsoStreet, which crosses the BKB River. Station II (110.401309; -6.996587) is located in the river around South GedungBatu I Street. Station III (110.387141; -7.017227) is located in the river under the bridge around Soeharto's Monument on Kali Pancur. Reference station (110.402476; -7.154663) is located at upper Kali Garangriver, nearly from the bridge across Kali Garang on GedongSongo and Prambanan Street. (Map enclosed in Appendix 1). Sediments were collected using grabs coated with Teflon to prevent sediment contamination from grab metal material. Sediment samples were collected from the surface substrate to a maximum depth of 5 cm. Sediment collected is put into a dark PE plastic bag, in order to protect against photooxidation.
Then it was placed in a cooler box and transported to the laboratory. In the laboratory, the sediment is preserved by cooling in a freezer at a temperature of -10 to -15ºC.
Heavy metal concentrations in sediments were analysed according to the APHA, AWWA and WPCF (1989) methods. The types of heavy metals analysed including, i.e. Total Cr, Cd, Pb, Cu, Fe, Mn and Zn. Chemical analysis methods of metal content in the sediments observed were carried out by the spectrophotometric method using the Atomic Absorption Spectrophotometer (APHA, AWWA and WPCF (1989) Part 3000).
Analysis of heavy metal concentrations was conducted as soon as possible. However, if it is not possible to be analysed, the sediment samples are being remained in the freezer, until the analysis is completed to be done. In order to prevent the effect of organic material in sediments on metal analysis, then it is used the method of nitric acid hydrochloric acid digestion (APHA, AWWA and WPCF Part 3030 E, 1989), with the exception for metal Pb. While for the Pb digestion is used nitric acid.
Benthos community structure observed included the abundance of macrozoobenthos (individuals /m 3 ), and the diversity of benthic samples obtained from each location, including Shannon-Wiener diversity index analysis. Identification of various species of benthic animals found at each observation station was identified using various key books of identification, i,e, Dance (1977) , Eisenberg (1979) , Abbott (1991) and Durma (1998) .
Fig.1 :Appendix 1: Map of Sampling Stations
Toxicity testing is achieved in order to observe the effect of sediment and pore water on aquatic biota. These include a test of growth inhibition of Chlorella sp algae in pore water sediments (CEA, 1993) and toxicity test of reburial failure of blood clams (Anadaragranosa Linn.) in substrate/sediment (CEA, 1995) . Toxicity tests were conducted at room temperature conditions with a continuous level of dark lighting, according to the condition of sediment in nature, which is always dark.
The difference of results between in the polluted and uncontaminated (reference) areas are examined using a comparative test, mainly appropriate statistical test. For this purpose, the data obtained is checked first, to find out whether the variance of data is homogeneous and spread according to normal distribution or not. If the data is heterogeneous with abnormal distribution, the data then be analysed using a nonparametric test.
The statistical hypothesis to be tested in the comparison test is H 0 no significant difference is observed between the variables observed at the reference location and the suspect polluted locations H 1 there is a significant difference in the observed variables at the reference location from the suspect polluted location.
The tests had been carried out at a confidence interval (α) a maximum of 5%. Moreover, the results of the analysis of variance then were summarised in the form of Table Integrated Component Analysis.
If the analysis of variance on the three components (sediment chemistry, macrozoobenthos community structure, and toxicity) showed significant differences to the reference, then the columns of sediment chemistry, toxicity tests and biota community structure were given a positive sign. Contrary, when it is not significantly different, it is recognised as a negative sign. Compilation of response classification tables is needed for more comfortable with making conclusions from the data obtained. In the situation where all columns in 1 row are positive, it can be concluded that the area within the observed station has been polluted and has affected on individuals (causing reburial failure in blood clams s and interfering with algal growth) and population (changes in the structure of the biota community). Therefore, such appropriate treatment is needed in order to improve the condition of the watershed, which is being monitored. As well, the damage can not continue with more severe consequences, such as the extinction of specific biota.
If the positive column is only the structure of the biota community, while the other two columns are negative, it can be concluded that the change in the structure of the biota community in the area being monitored may be caused by natural factors such as competition and predation. When only the chemical concentration column which is positive is an understanding that the concentration of the material contained in the contaminated area is higher than the regeneration station, but it has not yet affected individuals or populations of marine biota. Therefore this area must be given attention by the monitoring/ authority. The conclusions of each situation as described above, are summarised in Table 1 .
Ratios between data from the more contaminated sites and from an uncontaminated reference site namely Ratio to Reference (RTR) value is a technique that will be used to rank level of contamination for each site.
Results and Discussion Results
Sampling results at three sediment sampling stations in the BKB River show metal concentrations: Cadmium, Chromium, Copper, Iron, Manganese, Lead and Zinc as presented in Table 2 . Chromium, Iron and Manganese lowest are found at station III, and the lowest concentration of lead is at station I. Almost all types of metal, except the lowest Pb at station III. This is suspected that there is relationship location of the station, between the upper and its surrounded location, which may be no source of metal contamination.
The study of the structure of the macrozoobenthos community has been carried out in order to find out the individual's abundance, diversity, evenness and the existence of dominance of one type from another. The results of sampling in the field are presented in Table 3 . Table 3 shows that the highest abundance of macrozoobenthos individuals is at station I. The highest diversity index is at station III. The lowest abundance of macrozoobenthos is at station III, the lowest average diversity, evenness and dominance indexes are found at the reference station. Toxicity test results to determine the percentage of growth inhibition of algae population Chlorella sp. in pore water sediment and reburial failure of blood clams (Anadaragranosa Linn.) exposed to sediments collected from the BKB are presented in Table 4 . Table 4 shows the growth inhibition (%) of algae Chlorellasp in the pore water toxicity test and reburial failure (%) blood cockles (Anadaragranosa Linn.). The highest average algae growth inhibition (%) occurred at station II and the lowest at the reference station. Likewise, the highest average reburial failure (%) occurred at station II and the lowest at the reference station.
Comparative tests between reference stations with stations I, II and III for the chemical components of sediments, macrozoobenthos community structure and sediment toxicity tests were performed with Mann-Whitney nonparametric test statistics because the data did not spread according to the normal distribution and the variance of the data was not homogeneous. Comparative test results between the reference stations with stations I, II and III for the chemical components of the sediment, macrozoobenthos community structure and sediment toxicity tests show the results as presented in Table 5 . Although overall variables are not significantly different, the results of comparisons made between each constituent element of the integrated analysis component show that in the chemical components of the sediment, the iron (Fe) elements at stations I, II and III show significant differences with the reference station.
In the community structure component, the abundance of macrozoobenthos at station I is significantly different from the reference station, the diversity index element is significantly different from the reference station at stations II and III, the evenness index element is significantly different from the reference station at stations II and III and the elements of the dominance index are different manifest with reference stations on stations I, II and III.
In the toxicity test component, an inhibition of algal growth Chlorella sp. significantly different from the reference stations on stations I, II and III. In the reburial failure, the blood cockles is significantly different from the reference station at station II. If tabulated per element for each component, the results are shown in Table 6 .
The data in Table 6 above shows that the chemical components of sediments, community structure and sediment toxicity do not show significant differences at the level of confidence (α) of 5%, so it can be suggested that the three components analyzed are not significantly different, so it can be concluded that the quality of BKB river sediments studied are still good and have not caused adverse effects on individuals or water biota communities. Even so, RTR ( Table 6) indicates that the ratio for all test components is generally higher than 1. An RTR that is more than 1 indicates that the test component's value exceeds the reference value.RTR values of sediment chemical components, community structure and toxicity tests on each station showed in Table 7 . Haeruddin (2006) found a tendency that the higher the pollution index at a sediment sampling site, the lower the level of macrozoobenthos diversity at that location. Sediment pollution index with the macrozoobenthos diversity index is negatively correlated with the correlation coefficient value of -0.78 at the real level of 0.7%.
Discussion
The results of the toxicity test showed that the highest growth inhibition of algae Chlorellasp exposed to pore water and reburial failure blood cockles into the sediment substrate collected from various stations were found at Station II. Inhibition of algal growth and reburial failure themselves in the lowest blood cockles found at the reference station. Inhibition of the growth of algae Chlorellasp and reburial failure themselves in blood cockles sediments allegedly closely related to the quality of the sediment. Research by Haeruddin et al., (2017) shows that blood clams exposed in sediments from the Wakak-Plumbon estuary that are suspected to be contaminated and from Pulau Panjang that have not been contaminated, do not show failure in attempting to reburial failure after 48 hours of exposure. Differences only occur in adaptation time before immersing itself. Blood cockles generally require more time for adaptation before immersing themselves in sediments originating from the Wakak-Plumbon Estuary than from PulauPanjang. Haeruddin's research results (2006) show that sediment toxicity increases with higher sediment pollution.
Although there is a tendency that the sediment quality at all stations observed tends to be lower than the sediment quality at the reference station, the results of the integrated analysis of 3 components: sediment chemistry, macrozoobenthos community structure and toxicity test results all indicate that between the 3 stations observed in the BSB Canal and suspected pollution, all components do not show a real difference with the reference station at 5% real level. Thus it can be said that the quality of the three station sediments observed in the BKB Canal is still in good condition. However, with the increasing number of types of activities and the increasing volume of waste generated by each of these activities, it is necessary to take preventive steps to maintain the condition of the sediment so that it remains good, and can support the survival of living things that make use of it.
Conclusions
The results of this study indicate that although the metal concentrations contained in the BKB river sediment are quite high, the quality of the sediment is still in good condition. Metal concentrations in sediments, macrozoobenthos community structure and sediment toxicity were not significantly different from those of uncontaminated reference stations, Although RTR values for metal concentrations in sediments, macrozoobenthos community structure and sediment toxicity were exceeded 1 in general. Nevertheless, it is necessary to take preventive steps to maintain the condition of the sediment so that it remains good, and can support the survival of living things that make use of it.
